A recent addition to the histone modification repertoire is histone H3 lysine-79 (Lys79) di-, and trimethylated H3 Lys79 have different functions
is between ␤9 and ␤10, is antiparallel to the others (Figure 2) . ␤11 is followed by helix ␣K, which points away "spacer" between adjacent nucleosomes to allow free access by histone methyltransferases. The precise funcfrom the center of the structure. Residues C-terminal to ␣K (aa 333-416) cannot be modeled reliably because of tion of H3 Lys79 in higher eukaryotes is not yet clear. However, a functional role for H3 Lys79 methylation in weak electron density. The N-terminal domain, which is located on the same side of the ␤ sheet with helices differentiating chromatin domains is likely, considering its conservation across diverse species.
␣F-␣H, and the open ␣/␤ structure domain are in close contact. Major interactions between the two domains In view of the great impact of histone methylation in a wide range of biological processes, it is of fundamental are mediated through the long ␣H helix and residues immediately C-terminal to ␣H. They interact extensively importance to understand the molecular mechanisms of histone methylation. The crystal structures of several with residues located in the ␤1-␤2 hairpin, helices ␣D and ␣E, and regions immediately adjacent to the two SET domain histone lysine methyltransferases have been determined recently (Jacobs et al. larity with other methyltransferases. While SAM interacts with a great number of neighThe catalytic core has an elongated structure ( Figure  2A ) with linear dimensions of approximately 80 Å ϫ boring residues via hydrophobic and van der Waals interactions, only five amino acids make direct hydrogen 40 Å ϫ 40 Å . The overall fold of the structure is shown in a topological diagram ( Figure 2B ). The structure conbonds with SAM via side-chain atoms ( Figure 3D ). Three of the residues, namely Asp161, Gln168, and Glu186, sists of an N-terminal domain with five ␣ helices (␣A-␣E) and two pairs of short ␤ strand hairpins (␤1, ␤2 and ␤3, reside in the I and post-I motifs ( Figure 1A ). Asp161 is density suggests that such a situation may exist as a minor conformation of Phe243. Thus, the Phe243-Trp305 interaction might gate or regulate the opening A Possible Lysine Binding Channel A close examination of the conserved residues in D1 and closing of the putative lysine binding channel. The narrowest dimension of the channel is approxireveals that they are involved in a network of conserved intramolecular interactions. Glu138 makes one hydromately 4 Å , which can accommodate the passage of a mono-, di-, or trimethylated lysine. The methyl group of gen bond with Tyr115 of helix ␣D in the N-terminal domain. Glu138 also makes one hydrogen bond to the SAM is lined up with the channel inside the SAM binding pocket ( Figure 3B ). These observations suggest that neighboring Tyr136, which interacts with Gln168 via a buried water molecule ( Figure 4A ). These interactions Lys79 of histone H3 to access the active site through this channel. Four amino acids, Thr139, Asn241, Ser269, stabilize the positioning of loop-LEF and result in the formation of a channel leading to the inside of the SAM and Tyr312, form a significant portion of the channel ( Figure 4A ). Two of the residues, Asn241 and Tyr312, binding pocket ( Figure 3B ). The small size of the conserved glycine Gly137 between the two residues is critiare highly conserved ( Figure 1A ), and we examined their effects in the HMTase activity of hDOT1L by mutagenecal to avoid blocking the channel. Across the channel from Gly137 is Phe243, which is located in region II. sis. Changing Asn241 to an aspartic acid or alanine abolishes the HMTase activity ( Figure 4B , lanes 2 and Phe243 does not contact SAM directly, and its side chain points outward and is solvent accessible. Interest-3). Substituting Tyr312 with a phenylalanine has little effect. However, changing Tyr312 to an alanine abolingly, the phenyl ring interacts with Trp305 (3.9 Å apart), located at the tip of the loop connecting ␤10 and ␤11 ishes the HMTase activity ( Figure 4B , lanes 4 and 5). The activity loss of the three mutants is not due to protein ( Figure 4A ). Trp305 is also solvent exposed. Trp305 and neighboring Val303, Ser304, and Thr306 are conserved misfolding, as circular dichroism reveals that the inactive N241A, N241A, and Y312A mutants have very similar among Dot1 family members ( Figure 1A ). The high temperature factors of the amino acids located in the loop spectra compared to that of the active Y321F mutant ( Figure 4B ). Thus, a subtle change around the channel suggest that the loop could be dynamic in solution. Both Phe243 and Trp305 are exposed, and their interaction identified in the structure has a dramatic effect on the Figure 1B) . Since the C-terminal end of hDOT1L(1-gel mobility shift assays (GMSA). Figure 5B shows that 416) is spatially distant from the SAM binding site and enzymatically active hDOT1L(1-416) and ⌬(376-390) because access to the active site is rather restricted, cause slower migration of mononucleosomes (lanes 2-4 we reasoned that the C terminus might be important in and 5-7), while weakly active ⌬(390-407) and inactive substrate binding rather than having a direct involvehDOT1L(1-385) show no detectable gel shifts within the ment in catalysis. To evaluate this structure-guided presensitivity limit of our assay. The addition of SAM in the diction, we tested the enzymatic activity ( Figure 5A HMTase activity of hDOT1L proteins and implicates the To identify the elements within the region between importance of the positively charged C-terminal region amino acids 351 and 416 that are critical for the HTMase in nucleosome binding. Our modeling of hDOT1L-activity of hDOT1L, we added back 19, 24, and 34 amino nucleosome interaction suggests that the C-terminal reacids to the C terminus of hDOT1L(1-351), termed gion is near DNA (see Discussion section), which led us hDOT1L(1-370), hDOT1L(1-375), and hDOT1L(1-385), to hypothesize that the disordered C-terminal positively respectively, to see if the HMTase activity of hDOT1L charged region might be involved in substrate binding could be restored. Figure 5A (lanes 2, 3, and 4) shows by interacting with the negatively charged nucleosomal that all three constructs failed to restore the HMTase DNA. Consistent with this hypothesis, we can detect activity to a level comparable to that of hDOT1L(1-416).
strong, but apparently non-sequence-specific, binding We then fused the last 26 amino acids of hDOT1L (1-416)  to the inactive hDOT1L(1-375) , creating an internal deleof hDOT1L(1-416) with DNA extracted from mono- substrate-like inhibitor. The substrate binding site is formed by amino acids located in the inter-domain linker from SAM to one hydroxyl group of catechols, and the structure of COMPT in complex with SAM and a competand the C-terminal ends of the fourth, fifth, and sixth ␤ strands. Amazingly, when the two structures are superitive inhibitor (3,5-dinitrocatechol), which mimics the structure of catechol substrates, is shown in Figure 6A .
imposed, the COMPT substrate binding site coincides with the putative lysine binding channel we identified It is also informative to compare the hDOT1L structure with the structure of a peptide and cofactor bound terin hDOT1L (Figures 3B and 4A) . The methyl group of SAM is aligned with the channel, which is ideally suited for an "in-line" methyl transfer types and substrate specificity. We pointed out earlier that the D1 region in loop L-EF is likely to be crucial for reaction ( Figures 3B and 4A) . The size of the channel can accommodate the binding of a lysine; the narrowest conveying the lysine specificity of hDOT1L. This region interacts with the N-terminal domain to stabilize the dimension of the channel in hDOT1L is approximately 4 Å , which can accommodate the passage of a mono-, conformation of the inter-domain linker and directly contributes to the formation of the putative lysine binding di-, or trimethylated lysine. Although the channel is not very deep (approximately 4 Å from the entrance of the channel likely to be used to access the active site by channel to the methyl group of SAM), sufficient proximity methylated by SET domain proteins. A mechanistic unto the donor methyl group for methyl transfer requires derstanding of histone lysine mono-, di-, and trimethylapassage through the ‫4ف‬ Å "bottle neck." In methyl transtion is lacking at present. fer reactions, the methyl acceptor lysine is deprotonated, and the lone electron pair of the amine group Modeling hDOT1L-Nucleosome Interaction carries out nucleophilic attack of the C-S bond between Because the crystal structure of the nucleosome core the methyl group and the sulfur atom in SAM. It appears particle is known (Luger et al., 1997) , hDOT1L-nucleothat different methyltransferases use distinct mechasome interactions can be explored by molecular modelnisms to achieve deprotonation. For example, it has ing using the two known structures. The following critebeen suggested that two conserved glutamate residues ria were used as guidelines for modeling. (1 Thr306 are located at the tip of this loop. We described the SAM binding pocket is separate in the hDOT1L strucearlier that Trp305 interacts with Phe243 situated at ture. Thus, it appears that substrate binding is indepenthe entry of the potential lysine binding channel. Our dent of SAM binding. As a consequence, it is possible modeling suggests that this loop connecting ␤10 and that Lys79 of histone H3 can undergo multiple rounds ␤11 has to undergo a conformational change for lysine of methylation without being released from the enzyme.
79 of histone H3 to reach the active site, thus the Trp305-A similar suggestion has also been proposed for certain Phe243 interaction will most likely be disrupted. Interest-SET domain proteins (Trievel et al., 2002) . Another interingly, the residue preceding Lys79 is a phenylalanine, esting feature of hDOT1L is that the C-terminal charged which is located in the same turn connecting two hisregion is likely to bind to DNA, which may provide an tone-fold helices and on the nucleosome surface. It is additional, more flexible foothold on the substrate while possible that Phe243 of hDOT1L can pack with Phe78 SAM is exchanged prior to an additional round of catalyof histone H3. sis. However, one has to keep in mind that, unlike the Second, hDOT1L interacts extensively with the situation in arginine dimethylation, a mixture of mono-, nucleosome. In most of the possible models, hDOT1L di-, and trimethylated H3 Lys79 coexist, and 
